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1 IVEFACE 


The chief sj)eci:il featuics of tliis ti^atigc on the 
groupin^^ of cells, iire as follows : — 

(1) A (lenu)iistration th;it tin*- rule hitherto taught 
as a perfectly accurate one for grouping cells so as to 
get the greatest possil>le curi'ent with a gi\cn ex- 
ternal I'csistance, cannot even he relied upon to give 
the best regular gi-oup (Chap. II.). An ox^rniile is 
mentioned in which a regular group that is not in 
accordance with this rule, gives 400 times the current 
obtainable wixh the one tnat is. 

(2) A demonstration that the *curro«t obtainable, 
with the best regular group may be less than tliat 
given by*somc irregular grtup (Chap. III.). Irreirular 
groups have hitherto been ignored, presumably 
Ij^ving been regarded as ^If-evideiitly bad. 



vi / •rKEFJ(;E. 

(3) |A really accurate rule for gttiuping cells so 
as to got the greatest possible current (Chap. III.). 

(4) A I'ule for finding the smallest number of 
cells that will send a given current through a giver! 
externiil resistance (Chap. Y.). 

It is assumed that the reader is already acquainted 
with the elemen/.s of electricity and of algebi^A. 


W. F. D. 
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ERRATA 

Page 23, last line, for -2(3)- read -I(t5)- 
Page 24, last line, for or read, for 
Page 27, line 9, f^r seven read one 
Pagers, line 5, insert + between 2X aff,d 1 
Page 40, Exercise 18, for -10(2)-l(f)- read 

Page 49, Exercise 23, for 88 read 87, and 
for 3-ohms read 8 ohms 


Dnntoii’s “Grouping of Electric Cells ” 


OtllJj' 111 A i, miuit; uiio uih;i|uui jiciiaiiui iiiii^ti 

represent th^ plates of the cell, the sjiace hetweeri 
^them representing the m(*>iuni (nsuallyf a.lnpiid) 
through which the current pasjTes fr^in the plate^ 
represented by the shorter and thicker line, to ^hat 
represett^.ed by the longer and thinner line. The 
horizontal lines represinit the conductors by ^lich 
the cell is connected to other cells or to the efiernal 
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PART I.— The Grouping of Similar Cells for 
Greatest CurrenJ 

CHArTKli 1 

Introductory. 

By similar cells 1 mean cells ha\ing the same electro- 
motive force and the same resistance : except where 
otherwise stated, all groups are supposed to consist 
of such cells. 

It is customary to represent a cell diagrammati-* 
cally as in Fig. 1, where the unequal parallel lines 
represent th^ plates of the cell, the space between 
Jihem representing the meiHum (usually! a ^liquid) 
through which the current pas^s frem the plat^ 
represented by the shorter and thicker line, to »?hat 
represepjied by the longer and thinner line. The 
horizontal lines repre^nt the conductors by ij^ich 
the cell is connected to other cells or to the external 
^'cuiL 



10 


THE GROUPim OF ^:LE(Tmc CELLS. 


Figj 2 shows three cells connected scries ; that is 
to i§iiy, with the }>ositive plate of one connected to 
the negative plate of aijother, and so on throughout. 
As is well known, the clectroraotife force of such a 
group is the sum of the electromotive forces of the^ 

I^iG. 1. Fig 2. 

cells composing it ; so that if the electron! oti</c force 
of each cell in Fig? 2 is 2 volts, that of the group is 
C volts. As the current passes through the three 
cells in succession, it is clear that the resistance, like 
the electromotive force, must he three times that of 
a single cell ; and similarly with other series groups. 



1<’ig4 3 Fig. 4. 


Fig. 3 shows three cells connected mpaiallel; that 
is to say, with the positive plates of all i.he cells 
con||5cted to one another, arM their negative plates 
likewise connected to one another. This arrangement 
gives the current jihree paths, each equal in co%- 
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ductivity to tlmt offered l)y a single cell, wit]^ the 
consequence that the resistance of the group is oftc- 
third that of a single cell. Jts electromotive force, 
however, is the saiflfe as that of a single cell ; in fact,* 
Jifie group behaves in every way as if it were one cell 
with plates three times as wide as those ofthe cells 
of which it is composed ; and ’similarly witl! other 
parallel groiq)s. 

Fig, 4 shows two grou})s like tlui/. in Fig. 3, con- 
nected tbgether in scries. This fornis a gj’oup which 
might conveniently be described as “ two ranks of 
three,” or more briefly “two threes,” and rcjwesented 
by the symbol -2(3)-, which might be called the 
mathematical symbol of the group. We will in future 
represent all groups by their mathematical symbols, 
the number inside the brackets showing how many 
cells are connected in parallel to form a rank,\nd the 
number outside showing how many of these ranks are 
connected in series, while the horizontal lines show 
that the whoh refers to a group of cells, k’ig. 2 would 
thus be yepresented by -3(1 J-, and Fig. 3 1^ -<i(3)- ; 
while -9(r))-2(4)- would reiacsent a group of nine: 
fives connected in series with a group of two four? — 
a type of irregular group ^hose importance will be 
seen later on. 

From what has already been said, the reader will 
Qnsily see the reason of theafollowiuir elementary rules. 
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Rule 1. — To fiiu] the electromotive /orce of a group, 
multiply the electromotive force of a single cell 
by the number of^ranks. 

* For exjimple ; to find the electi'oiriotive force of 
-12(5)-2(4)- when that of a single cell is 1 - 5 volt«, 
add together the nundiers outside the brackets, and 
multiply the result f)y 1*5. 

Kcle 2. --To find the n'.sistance of a regular group, 
divide the resistance of a single cell by ^lie num- 
ber of cells* ii; a rank (thus getting the resistance 
of a rank) and multiply the result by the number 
of ranks: or, when the group is represented by 
its mathematical symbol, take the number out- 
side the brackets as the numerator of a fraction, 
and the number inside as the denominator, and 
mi#lti})ly by the resistance of a single cell. 

For example ; to find the resistance of -7(2)- when 
that of a single cell is 4 ohms, multiply J, by 4. The 
resis-tance of an irregular group like those mentioned 
above^i idf of course fdflnd by adding together th^ 
separate resretances of the regular groujis of which it 
is Composed. Thus, when the resistance of a single 
cell is 3 ohms, that of -4(5)-l(4)- is 3(f -f i) ohms. 

^jTiowing the electromotive^ force and the resistance 
of a group, the current it will send through a given 
external resistance, can be iound by Ohm’s law, 
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Ciir^iit — force 

Kesistancc 


The denominator of this fraction will of course he 
the toi(d resistance'* that is to say, the resistance of^ 
the group plus that of the extei'iial circuit. 

Exercise 1. — What current will he sent through 
an external resista.ncc of U) ol^nis hy -l)(‘l)i^l(2)-, 
each cell having an electromotive force gf 2 volts and 
a resistance of 3 ohms ^ 

Here ihe electromotive force of the grouf) is 20 
volts, and its resistjincc, 3('{ + •}), lOJ oliins. The 
current is therefore — 


20 

10 ^ + 10 


or about 0*976 ampere. 

Exercise 2. — What current will he sent through an 
external resistance of 22 ohms hy 4 1-volt anl 2-ohm 
cells all in series ? Answer, about 0*133 ampere. 

Exeriuse 3.— What current will -8(2)- send 
through an external resistance of 16 ohms, with 
J-volt aiid 4-ohm cells ? Anfciver, \ ampere | , 

Exercise 4. — What is the eftcternal resistance, 
when 5 1-volt and*! -ohm cells, all in parallel, giv^ a 
current (jf 2 amperes ? Answer, 0 * 3 ohm (for, hy 
Ohm’s law. 


Kesistancc = 


Electromotive force 
Current 
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and the resistance of the external circuit is ol)tained 
hy d# ducting the I'esistance of thegrouj) from the 
total resistance as found by this equation). 

Exercjse 5. — WhalJ^is the re^stance of eacli cell 
when a current of 2 am])ei‘es is sent thi'ough an 
external i-esistanee of 2 ohms by the (!lectr(f- 

motive^ force of each cell being 2 volts. Answer, 
2 ohms (fo]’, ])roceeiling as in exercise 4, we find the 
resistance of the gi'ou}*, which we know is the 
resistauce of each cell). • 

Exercjhi^ C.-^-JVlnit current will be sent through 
an external resistan(*e oi (I ohms by -1(2)-1(1)-, with 
li^-volt and 4-ohm cells Answer, | ampere. 


SYM130LS. 

In a^lition to the mathematical group symbols 
already exjilained, the following will frequently be 
employed, and are here explained once for all. 

C, the number ^f celle. 

Er. the electromotive force of each cell. 

I •• 

E, the tota^ resistance. 

Rr, the resistance of each c^ll. 

E;r, the resistance of the external circuit. 

K, the number of »nks. 
kf, the number of ranks in the ideal regular 
group (see Chap. IE). 
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CHAPTER II. 
RifjcLAii Groups. 


Three cells can only he arranged in two different 
regular groups, namely -1(5)-, a^d -5(1)-. A^e can- 
not, unfortumitely, arrange them in -^(6^-, so as to get 
half the electromotive force and ,l_,th the resistance 
of a single cell, not in -15(^)-, so as* to get 1^ times 
the electromotive force and 48#tin»s the resistance. 
If such groups were possil»le*'the rule for finding the 
best grou}) would be a. very simple one, as will 
presently be seen. (By tlie had group I mean the 
arrangement of the given cells that will cause them 
to send the greatest current through the given resist- 
ance, without regard to economy, rvhich wilknot be 
considered till we get to Chap. IV.) 

Referring to the table of symbols at the end of 
Chap. L, it will be seen tliat, in%ny regular group, the 


number «f cells in each rant* must be We will 

• IV 


C 

for the present assume that K and ^ can be frac- 
tional . The resistance of tAch rank being — 

/C lir.K 
lie -i- or 
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, . , , . R^.K2 , 

the i^.sistance of any regular group if' • A 

ft 

and the current — 


• Ec.K 

in? 


. II 


+ R.r 


C 


Multi})]ying and dividing formula II. by v\^e get 

the eijuivaleho expression — 

. Er.C , 


■. Kr.K + 


k.r . (l 

k 


which, again, is equivalent to — 
Er.C 


VHc.K +2^11' 


. Ila 


Lic.Rr.C 


From ^lis formula it will be seen that if we start 
from the point where = 0, and 

make a numlier of suc^.essivc increases of any amount 

whatever in the valup^ of K, each ihcrease makes 

• * « 

>,yR^k greater and ^ smaller, thus increas- 

ing the denominator of the fraction and reducing the 
current. And if, starting from the same point, we 
maKe a number of successive reductions in the value 
of K, each reduction makes ^Rc.K smaller a^d 
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llr.C 

K 


greater, imi inu ts<|uare of the respiting 

negative value of | 'J ivr. K — ^ 'k'I'" of course 

positive ; so that the reductions, like the increases, 
ih the value of K, will increase the denominator of 
the fraction and rcduc^ the current. Now, the ])oint 
from which aii}^ increase or any reduction in the 
value of K causes a reduction in the current,* must be 
the i)oint where ihe value of K i* such tljat the 
current has its greatest possiblc^val^c*; thc*refore, the 
regular group that gi\es the 'greatest possible current, 
which we will call the ulcal u’ijnlar gronp, is the one in 

which Kc. K = or in which = K.r; that 

K 0 


is to say, the one whose resistance is ecjual to the 
resistance of the external circuit. ^ 

Taking Ki to represent the number of ranks in the 
ideal regular group, we have — 




■ He 


^om which we get- 


f ■ vC#) 


III 

IV 


Previous writers have taught that the best avail- 
able regular group i% tSe one whose resiaytance 
approximates most closely to that of the external 
^feuit, or, in other words, ^to that of the ideal regular 
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group. This is plausible ; bill, as the following ex- 
amples will show, it is not true. 

Suppose we have 62 1-volt and 4-ohm cells, and an 
external resistance of 31 ohms.- The resistance of 
-2(31)- would be /y ohm, and that of -31(2)- would 
be 62 ohms ; that is to say, the resistance of the 
group with 2 ranks would bo between 30 and 31 
ohms less than the external resistance, while that of 
the group with 31 ranks would he exactly 31 ohms 
more than the externnl resistance. Therefore, as 62 
cells cannot be arranged in a regular group with any 
intermediate number oi ranks, the usual rule would 
tell us to adopt the group -2(31)-, which would give 
a current of — 



or about* O' 064 ampere. But with -31(2)- we should 
get a current more than five times as great, namely — 


31 


3^x_4 


+ 31 


or exactly ampere. 

Again, witli 1201 1-volt and 1-ohm cells, and an 
external resistance of 600 ohms, the usual rule would 
tell us to put the cells all in parallel ; for 1201 is a 
prife.e number, so that the only possible regular 
groups are -1(1201)- and -1201(1)-; and the resist- 
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aiice of the former j 2 :R)ui) evidently differs from the 
external resistance hy less than GOO ohms, 'whi/fe 4hitt 
of the latter group differs hy more than GOO ohms. 
But with all the c^JIs in paraflel the current is only- 


1 

1201 


I 

-f-GOO 


or about ampere, while witn an in senes it is 
almost exactly 4^J0 times as greats namely — * 

1201 

1201 + 0^)0 

or about ^ ampere. 

The rule that will presently be given in place of 
this very unsatisfactory one, depends ujion the 
hitherto unrecognised fact that if A, B, C, are any 
three numbers forming a geometrical jirogrcssion, 
and if B is the number of ranks in the idei’i regular 
group, then the regular groups in which the numbers 
of ranks are respectively A and C, will give exactly 
the same current as cacl! othe*. For example : if we 
have 8 1-volt and 1-ohm cey^, and an extimnal resist- 
*ance of 2 ohms, -2(4)-, -4(2)-, ^nd -8(f)-,* answer 
these conditionsi^ for tlie resistance of the middle 
group is equal to that of the external circuit, and the 
ranks, 4, 8, form a ggonffetrical progression. J'here- 
fore, according to the law just stated, -2(4)- sfloiild 
give the same current a® • and it will be found 
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that this is so, the current being in either case exactly 

0‘^aVhpere. The following is a mathematical proof 

that the law holds goodwill every case. 

, Let Ki re])resent, as before, tin number of ranks 

in the ideal regular group ; then, whatever number 

Ki • ^ 

N re{)resents, K?, N.Kf, wiO form a geometrical 

progression, ,^^dth the giam]) in which the number 


of ranks is 


the curi'cnt will be (by formula 11.)- 


Kr / 


(«,) 


cVn) 

and with that in which the number of ranks is N .K?, 
the current will be— 

Er.N.Ki 

Kr(N.K?:)'^ + 11/ 

* These fractions can easily be brought to the same 
numerator, Kr, in which ca^e the denominators will 
be respectively 


(^>) 


( 


lic.Ki K/.N 

‘C.N 


and — 


Kr.N.Kf , 

7T-T "T 


Ivr 

l^Ki 




(d) 


It therefore only remains to prove that (c) = (d), 
which can be done by assuming that this e(tuatipn«is 
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true and showing that it is rcducihlo to one that has 
already heen proved. For (r) - (li) if 

Ivr.Kr p _ Ue.K/“.N Rr 

(;.N (• + N 

•whieh is true if — 

1>.K/“.N _ K/' ^ 

C.N " C “ N “ 


whicli, again, is true if — 

and this is evidently true it resistance of the ideal 


regular group is eipiul to that of the external circuit, 
which has already heen })i‘Oved. 

Wlien A, 15, G, form a geometrical progression, wc 
may say that A and G are (jfomctriadhj eqauhdaid 
from 1^, and that any numher hetween A ^nd B is 
geoiiidriealljf neawr to B than G is. We have just 
seen that if two regular groups have their numbers 
of ranks geometrically *e<pudfetant from that of the 
Jdeal regular group, they ^v«ll give the saije current ; 
and wc had previously seen tlfat, of two regular 
groujis each havftig a greater or each having a Bmjiller 
resistance than the external circuit, the one whose 
resistance differs leastifrom that of the exteraal cir- 
cuit gives the greater current. We thus get the 
^fbllowing rule 
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Rule 3. — Of tho different regular groups that can 
• formed with a given number of cells, the one 
that gives the greatest current is that in which 
, the number of ranks is geometrically nearest to 
the number in the ideal regular grouj). 

Let vs ajiply this ^rule to the eases in which we 
have seen the (?ld rule fail so badly. 

With 62 1-volt and 4-ohm cells, and an external 

resistance <?f 3 b ohms, Ki = As 

usual, there is no ncedia) calculate this sipiare root, 
for it is evidently the geometrical mean between 

and 31, and is therefore geometrically nearer to 31 
than to 2. Rule 3 thus tells us to adojit the gioup 
-31(2)-, /)y which we get more than five tinpes the 
current obtainable with the old rule. 

With 1201 1-volt and 1-ohm cells, and an external 
resistance of GOO ohms,«Ki = V(1201 x 600). Here 
again it is^ unnecessary te calculate the square root,^ 
which is evidently the geometrical mean between 1201 
and 600, and therefore geometricall 5 nearer to 1201 
than to 1. Our new rule thus tells us to put the 
cells all in series, by which^wejget almost exactly 400 
times the current obUiined with the old rule. 

Exercise 7.— What regular group of 12 3-ohm^, 
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cells will send ^le greyest current through an exter- 
nal resistance of 4 ohms Answer, -t(3)-. 

P]XE11CISE 8. — AVhat regular grou]) of 20 2-ohm 
cells will send the jji'eaiest curn^nt through an exter 
nal resistance of 3 ohms 'f Answer, -5(1)-. 

* Exercise 9. —What regular group of 21 1-ohm 

• ^ ^ • 

cells will send the greatest current, thnmgh an exter- 
nal resistance of ohm Answer, -3(^)-. 

Exercise 10.— What regular grou[> of *6 2-ohm 
cells wiU send the*grcatest current tlirough an exter- 
nal resistance of J ohm ^ Ans^jrp-!l(3)-.* 
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C'JIAPTER 111 

I 

IllllE(ilILAIl (JkOUI'S, and (^ENERAL KuLE, 

It seems to hi>ve l)een <;eiiej[’n]ly r('g.‘ir(]('<l as self- 
evideot that an iiTegiilai- grtuij) (tliat is to say, a 
grou]) ill which all the i-anhs ai‘e not e(jiial) must be 
inferior to tlni ])est regular grou]). As a matter of 
fact, however, it fre(juently hapjiens that Vhe best 
group is an irreguiiu A^nc. h\)i* example, if we have 
38 1-volt and 1-ohm ei'lls, and an external I’e- 
sistancc of 1 (dim, the best regulai- group will be 
-2(19)“, giving a current of — 


0 



or about 1 '81 ampere ; but with the irregular group, 
-2(7)-4(C)-, the current would be — 

^ f) ' 



"or about 3*07 amperes. • 

The fact that we have to consider irregular groups, 
will of course add to the^ complexity of our general 
rul^ ; but not so much as might at first be imagined, 
or, as I will now prove, the greatest current ci^n 
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never l)e ol)tain4vl fionf a. oroiip in vhich any rank 
diflibis from another ]>y more Ilian one ec'll. 

In any^o-oup haainy one rank of X (-(‘Ils and om; of 
X + V, with or wg.hout other lanks, tlu', I'esi, stance^ 
of these two iMiiks is 


X + X + vi 


I ) ( ( “h ) -h X ) 
'■'■^VX + V) 


ami if we tak(‘ Z cells li-oni lh(‘ lary(a' tank and add 
them t(» the .^mallei', tin', r(“si^tariee iK'comes — 


. ,(X-^ V - Z) + (X +*Z), 

(x + z)(X + \^-^Z) r 

which sim})lifies to — 

T, ( (X + \ ) -f X I 
'%X(X-f-Y) + Z{Y-Z),- 

This only differs from the pi’caaling fi'aetion in having 
its denominatt)!’ increased hy Z(Y — Z) ; so that its 
value mjist he smaller in all cases where Y i^^greater 
than Z. It is thus clear that the resistance of any 
group becomes smaller and smaller, as its ranks are 
made more and more crpial ; Ixnd this reduction of 
resistance, being unaccomptmied by a reiluction of 
electromotive force, results in an increase of current. 
Therefore, with affixed numlier of ranks and a fixed 
number of cells, the best imaginable group is the 
regular one ; and if the, regular group is not jiqpsible 
the best group is that in which no rank differs from 
^Bother by mori? than one cell. The “ ideal regular 
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group” i.s thus the “ideal gronj^' l)y j.vhich name we 
wild fti future refer to it ; and an irregular group of 
the tyj)c just descril)e<h we will call a, special group. 

In the case of reguhir groups, 've have seen that as 
the numl»er of i-anks differs inoi'e and more from Kf 

if 

(the nuinh(!r of e(‘lls rmnaining^constant), the curi’ent 
hecomvs smaller and smalhn-. Special grou[)s, how- 
ever, do not follow this law. it fre«juently happens 
that a special grou[) in whi(Gi the nund)er of ranks is 
exactlyor nearly equal to K?‘, is ihiproved liy being 
lengthened or slio#'*^»>'.;d (that is to say, by having the 
number of its ranks'll creased or reduced). If, for 
example, we have 33 1-volt and 1-ohm cells 
and an external resistance of 12 ohms, K? = ^^(396). 
This is evidently a little less than 20 . Multiplying 
19 by 20 , we see that the geometrical mean between 
these tAfo numbers is aJ (380) ; from which it^, is clear 
that V(39C) is geometrically nearer to 20 than to 19. 
With the group of 20 ranks, namely -13(2)-7(1), 
the current is — ® 20 * 

, ( 6-5 + 7 + 12 

or about 0‘.784 Ampere;, but if we shorten this 
grcyip by three ranks, making it ^1G(2)-1(1)-, the 
current becomes — ^7 

8 + T-K12 

or anout 0 ' 810 ampere. Thus, though the imaginary 
regular group of twenty ^^anks gives more curreSi 
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than the imagin.ir’y scventccMi ranks, 

the special group of twenty ranks gives considenflily 
less current than the special gropj) of siwenteeii ranks. 
This is liecause the Si»cial group (tf seventeen ranks is 
much more regular than that of twenty ranks. In the 
imaginary regular groiip^of seventeen ranks, (',ach rank 

contains of a cell , and in dhe currespoAding 

special group, sixteen ranks diller from thif? in the 

ratio of *1^, and sevhn in the ratio of [ : hiitin the 
fS .33 , 

imaginary regular group of tw;^fy*^anks, each rank 

contains of a cell ; and in the corresponding 

special group, thirteen ranks differ from this in the 

ratio of and seven in the ratio of In most 

33 oo 


cases ther,p is a limit beyond which the Icngtliening 
or shortening cannot be carried with advantage, not- 
withstanding the greater regularity that may thus lie 
obtained; and in some * cases^ no lengthening or 
shortening is possible without^a reduction of ^current. 
But, as I will now prove, there is aif important class 
of groups in which lengthening or shortening may 
always be carried to a certain definite extent with 
advantage, or at least witi^ouf disadvantage. ^ 
Suppose we have a special group that can ue 
lengthened by having X ranks of X + 1 changed 
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into X 4- 1 ranks of X, or shortened^-ky having X -fl 
i^anlvs of X changed into X ranks of X + k ki 
either case the diftere^nce^ in the. miml)er of ranks is 1, 
^ and th(‘. diflerence in tlie i-('.sista»ce is — 

Rr(X+l) Kr.X Rr (2X 1) 

X “ (X + i)y x( X + 1 )’ 

tlie ratio of tlie ditt'ei‘enc(‘ in the num])er of ranks to 

t 

the diffci'(‘fi(;e in the resistanci^, being therefore — 

X( X + 1 ) 

Rr (2X + 1)‘ 

Calling this fhf tlie truth of the following pro- 
positions will easily l^seen • (1) if the ratio is greater 

than with the original group, tlie lengthening will 
increase the value of (and will conse(|Uently in- 

crease^rthe current, since this is e(pial to^^^ X Er), 
and the shortening will reduce it; (2) if the ratio is 
less than with th# orighial group, the lengthening 
will ,re(Juce the currAit, and the shortening i^ill 
increase it ; (3) if the ratio is q^qual to with the 

original group, neither the lengthening nor the short- 
ening, will produce any ch«,nge in the eurrent ; (4) 
where the lengthening or shortening produces a 
change in the current, a fjirther lengthening or sb^^t- 
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ening in the sayie inaitner will pi'oduce a further 
change in the same direction : and where the leiijiftlni 
enirig or shortening leaves the current unchanged, a 
further lengthening shoitcningin the same maniuir 
will also leave the current unchanged ; and so on, 
until no further hmgthening or shortiming is possilde 
without the introduction of a ddhu'ciit size* of rank 
It follows that the best of the groups^that do not 
contain a smaller rank than X or a larger railk than 
X + 1, is either Chat with the gitiatest jiyssible 
numbei' of ranks of X, or thajt^th the’ greatest 
possible number of ranks of X 4- 1* 

It also follows that the same current can sometimes 
be obtained from a great number of difterent arrange- 
ments -of the same cells. As an instanee of this, 
suppose we have 100 2-volt and 1-ohm cells, and an 
external j'esistance of 50 ohms. When the e(^ls are 

arranged all in series, the value of j, is evidently 


100 


which is also the value of 


X( X + 1 ) 


1 r A oi i/uu vaini; ui / x\r , 

Lbi) & ^ Kc (2a + 1) 

when X = 1. If, therefore, we tur*i any numtier of 
ranks of 1 into half the number of ranks of 2, we * 


shall leave the value of j^nchanged ; so that the 

• . • • 

same current will be obtained whether the cetts 
are* grouped in iOO ones, in 50 twos, or in any 
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of the forty-nine possible ^.oiii)s of ones and twos 
(ioiml)inod. For example : with -24(2)-52(l)-7 we get 
152 

a current of 59 50 ampere ; and with 

192 

-4(2)-92(l)- we get a current of which 

is also oquiti to 1 ] ampere. "* 

The statement and discussion of the rule that will 
presently be given, will ])e simjdified by the use of 
the fojlowing technical terms. * , 

PrelUminaiIy* X^iOUP.— The regular or special 
group in which the mmber of ranks is the geometri- 
cally nearest whole number to Kf. 

Primary Group. — A regular or special group 
that docs not contain a larger or smaller rauk than 
the preliminary grouj) ; the longest and shortest of 
these groups ])eing called the long jnimary group and 
the short primarg group respectively, and the two 
together, the extreme primafy groups. 

Secondary Gro^p. — A regular or special group 
that is not a primary ^roup ; those longer than the 
long^irilnary group being called long secondary groups^ 
and those shorter than the short primary group being 
called short secondary groups. 

i^rom what has alre^y Jieen proved in this and 
tile preceding chapter, the reader will easily see that 
the following rule is infallible. 
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Eule 4. — To fin(] the gfoup that will give the great- 
est* current obtainalile with a given iinmlicl’ af 
cells and a given exteiaial resistance, proceed as 
follows 

(1) Find the best primary group. This is 
always the extreir^ primary group .with which 

the value of is the greatfer, and is the one 

whose K is geometrically nearer to Ki, if the 
other is not more regular. If the other « more 

regular, the values of n^Mt be calculatcil and 

compared. In the rare cases where the value 
K 

of ^ is the same in both of the extreme groups, 

• Xt 

all of the primaries will give the same current. 
If there is no secondary group more legular 
than the best primary or geometrically nearer to 
the ideal (that is to say, having a K that is geo- 
metrically nearer to Ki thaii the K of the best 
primary group is), the primary will be the group 
required. 

(2) If it is i»ot evident from (I) that the best 
primary is the best group, see whether the value 

of ? is greater witl! some secondary group, in 

which case th« secondary that gives the greatest 
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. K . 

value of - is the group rc(]uired. This part of 
II Iv 

the rule will not involve much trouble if it is 
remembered that no grouj^ can be better than 
another unless it is either more regular or geo- 
metrically nearer to the ideal. 

<1 


The following are examples of the application of 
this rul^ 

Suppose we Imve 20 2-ohm cells and an external re- 
sistance of 7 ohm^.’‘ = ^'(lO X 7) ; 


so that the iireliminary group must consist of twos 
and threes, the extreme primaries being therefore 
-10(2)-, and -6(3)-l(2)-. But since 10 and^ 7 are 
geometrically eipiidistant from K^, and since the 
group of 10 ranks is more regular than the group of 
7, the group of 10 must be the best primary. And 
as no secondary can be more regular than this 
primary or geometiycally uiearcr to the ideal, the 
best primary is in this gasc the best group. 

SujSpc^e we h*^ve 25 2-ohm cells and am exterftal 

‘ ' y/25 X 24 \ 

resistance of 24 ohms. Ki = . 9 ^“} which 


is the geometrical mean between 12 and 25. The 
p» 3 lmiinary group would &erefore consist of ones 
and twos, the extreme primaries bj»ing -12(2)-1(J)-, 
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• 

101(1-35(1)-. Cut thc*geoiiietrical mean lictwcen 12 
and 25, is of course geometrically ne-arei' to 13 (wlifcli 
gives an irregular grouj)) tliay to 25 (which givcis a 
regular group) ; aid it is thei-efore necessary to « 

dtilciilatc and compare the \ allies of wiili these two 

‘55 

groups. AVith the long ])rimary,Clie value is , and 

i t 

with the short iirimarv, or or which 

' .38 70’ ^ 74 -I- 2 

25 1 * 

must be greater than , since i.^o^iviom^v greatisr 


25 

than (this example affords an illirstration of how 
i 4 

we may freipiently find which is the greater of two 
complex fraction^ by an easy mental calculation). 
The best primary grou}), then, is -12(2)-1( 1 )~. If 
there is ,a secondary group sujierior to this, it must, 
be geometrically nearer to the idcsal than the primary 
-25(1)-, for it cannot lie more regular. But, as we 
have seen, K? is geomefricallM eipiidistant from 25 
and 12 ; so that it is impossible for any secondary 
group to be geometrically nearer tefthe iileat tffan^the 
regular primary is. The best primary is therefore 
the group we recfuire. 

Suppose we have 50 V 5-Slim cells and an external 
resistance of O’ 6 ohm. Ki = or 
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v'(r) X 4). The ])<).ssil)le rc^juhir i^ronj) of fiv(5 ranks 
wj']] thus give cxacTJy th(! same current as the 
iniaginary regular grouj) of four I'anks , and as it is 
impossiltle to have a moi‘«i r(‘,gul,-^’ grou]), oi' one that 
is geometT-ieally nearer to the ideal, -5(10)- is the 
grou}) we r(M|uire. 

Su]U)o.se we have 9 3-ohni cells a,nd an external 

very ucai-ly It is thus hetween 2 and 3, and 

geometricall}’ ncrrKr.to 2 (since 2x3 = 6). The 
j)rcliminary group is tnei'efore -1(5)-1(1)- which is 
at the same time the long and tlu' short })rimary 
group, for ]t can he neither lengthened nor shortened 
without introducing a diflen'iit size of rank. M any 
secondary group gives a. greater curi-ent, it must be 
cither^ 1(9)- or -3(3)-. But 1 and 3 are geometri- 
cally cMjuidistant from .v'^3, so that 3 must be geo- 
metrically nearer to K/, which is very nearly ^/5. 
The best secondary 3s therefore -3(3)-, with wTich 

the vivliL of ^ is , or a little less, than d. 

K " 2 -f- M 

But with the only juimary gnuj), the vidue is 
2 

, or exactly 1. This primary is 

0*4 rj- 0’5 + M I ^ 

th^erefore the group we rcipiire. 

Suppose w'e have 8 1* 5-ohm cdls and an exter- 


resistaiue of 1*1 ohm. Ki 


v1 
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liil [(“.sistioicc *{ 2 olnns. K/ = / ; , or 

V M o V 

wliitli is ('\ i(]('ritl\» ('(‘FI and 

v^(12), and tlK'ii'forc nioio tli.in Init ^(‘(inictncally 
learer to d tlian to I. . J'lic inclinniiar-v ijn'on]), then, 
s -2(d)-l(2j-, wliicii IS :it the, sajiic tinic tlic ^slioii 
iriinary grouji, the lony jiianiarv ,i;ron|) Vicin^^- 1(2)-, 

tlic^shoit ])Mina,]y, tlicxalnoot j f _j_ 
ind with the loni; i>riniai v, ^ Mentally in- 


•reasiny tin; nuinei'ator and tlic denoininaloi’ ot tin; 
Mniier, fraction hy onetliird ot then' \alue, we see 
diat the fi action is e(jual to ), which is also the 
ralue- of tin; fi action helonj;ini^' to tlie, other extreme 
iriinary. The t^\() j)i‘iTiiari(3s (there are only two in 
dds case) wnll therefore give the same current ; and 
:.he only secondary that cifuld gi^’e a greater current 
ivould he one containing less^.han d lunks, hut geo 
[iielrically nearer to the ideal than tin* regular^ Hainan 
;s. But 2 and o a^e gemiietrically eijuidistant fron 
V^(IO) : so that 2 must he geometrically further fron 
Ki than 4 is, and no s^eoiWary can give a greiite 
current than the [irimanes. 

1^];CEKCISE 11.— "What is the best group of li 

• 2 
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l-r)-oh]n cells for an cxtcrnaV rc-siRt^ice of 1 ohm 
A'/isWcr, -2(r))-l ((;)-. 

hlxEiJClSE 12. — Wl^at is the host grouj) of 12 
, 1 • f-ohm cells for an externa,! ixristanee of 7 ohms'? 
Answer, -1>(2)-. 

Exercise 13.— What is the best group of 12 
1- 5 - 0^111 cells for a;i external resistance of 2 ohms 
Answer, 

Exehcise 14. — Whiit is the best group of 10 
1-ohm ceells for 'an ext ernal I'csistance of 1 «3 ohm ? 
Answer, -l(4)-2(^7,, 

ExeR(MSE 15.— Wfi'at is the best group of 21 
1 • 4-ohm cells for an external resistance of 4 ohms ? 
Answer, -7(3)-. 

Exercise 16. — What is the best groip) «f 25 
1-ohm cells for an external resistance of 10 ohms? 
Answ(fr, -1(1)-12(2)-. 


Note — Where a'f’deficiency of 1 or 2 per cent, 
is im]|^iaterial, the best primary group, which can 
< usnally be.foinul Avith very little trouble, may be 
regarded as the best group. 
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PART II.— The •Economical Grouping of. 
Similar Cells. 

('li^rpTKK I,V. 

Thk Siiok'I'kst 

Onk oi the (;\atn)»l(‘s in ( 'liaptei- Wl sliovN^cd th.il 
100 ’i-volt and l-oiun cells wlj *s(mi(1 *<t ('niTcnt 
of 11 :iin|)(MV thi'ongh an ^external losistancc of 
50 ohms, when IIk'v arc aiTan;;cd in any number of 
ranks iiaim lifty to one hundred. The beginner will 
Tiatumll) wish to know whether, in eases of this sort, 
there is any reason for adojitiny one grou}) rather 
than anotlier. There are, as a matter of fj^ct, two 
reasons foi' preterring a slnuder to a longer groii)) : 

(1) Iteeaiise it has less resistance, and eonse(]uently 
causes less waste of jifiwmr |n heating the cells ; 

(2) because, although the same current [lasses through 
the group, there is, on the average, lc.ls ^current 
passing through ^ich cell (for two cells m series eaclT 
take the whole current, Avhile two in parallel each 
take half, and so on), w^^thiJhe conscijuence that^ there 
is a less rapid wearing away of the materials of ^he 

These real^ons would of r.ourse apply with still 
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more force if the shorter ^roii}) gave ;f smaller current, 
so*' long as this smaller current was sufficient 'for the 
|)ur{) 0 se. In any ci»/-e, then, the most economical 
group is the short est that will gf>e Mitficient current ; 
and the following CYanijileh will show how this group 
can gimerally be found without much difficulty 
Sup’pose wo ha>e 12 2-volt and I'o-ohm cells, 
.111(1 wish to gend a current of not less than 0' (5 anijicre 
through an external resistanci', of 9 ohms. Let us first 
see whether it is possible to do this. 




// 1 2 X 9 \ 

/I 1-r, / 


or about. Sf, (a rough appro.vim.ition is all that is 
reijuired for our present purpose) , so that the ideal 
group would give a current of about - " 

^ X 2 

r 9^ X 2 


or O' 91 1 (since the total lesistanci', with the ideal 
group, is twice that of the e.vternal circuit) Ueduciiig 
this by one-third Vnild leave us just about the 
current we reipnre , but*^ if we shorten the ffiotip by 
^oiKgthird, we not only reduce the electi-omotive force 
by one-third, but likewise considerably reduce the 
resistance ; so that the current would still be eon- 
sidei'ubly greater than we re<,uire. We therefore try 
shortening the group by about half, say to four ranks 
(we must of course shorten it in such a proportion^ irs 
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to leave a wh(^le ui ranks, for we are !iow 

trying to find a iijroii}) that we can adopt). This g’»ves 

the group -4(3)-, and a eurfent of ^ or about 

^0‘727 ampere. We could I’educe this current by 
one-seventh, and still^have inoi'e than the I'equired 
0*C) ann)ero ; so W(; t^-y shoitcnijig the group J>y one 
fourth (one-fourth is much more than one-seventh, 
but we have only four ranks, and cannot reduce theau 
]>y lesf than one) 'Hiis gives the <Vonn -3^1)-, and 
a current of — 

i) 

1-135 +9’ 

or about 0*59 ampei'C. The jirevious gi'ouj), -1(())-, 
is tlTcrcfore the shortest that will give the reipiircd 
current. 


Sujipose we have ’20 I ■ 5-volt and 2-oiim cells, 
and wish to send a current of not less than Ij ampere 
through an external resistance of 14 olinis. Here — 




V 



or about 12; so that the ideal group •would give#a 
18 

current of , or O' 642 ampere. This is nearly twice 
28 • 

what we require, and we may therefore shorten the* 
^«group by considerablv more than half. Let us try 
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four ranks, which gives thcf groups 
ciFrcrit of — 

(; 


Y'(\ + J4 

or al)oui O-.'ksr) .niipere. This is oiic-sixtli greater 
than we recpiire, and we aeeordiiigly try shortening 
the last groifp l>y one-lourth, Vliieh go es the group 
-2(7)-1{G)-, and a eurrenl of— 


l.l 




or aliont O' 1502 arnpeiij,'. The shortest group that 
will give tlie I'ecpiired current is tlieretore -4(0)-. 

Exekcisk J7.- W hat IS tlie sliortest group of 12 
1-volt and 1-ohin cells that wjll send a current of 
not less than O'i) ainjiere through an external resist- 
ance of 0 ohms ? Answer, -4(0)-. 

Exercise IS. — W'hat is the shortest group of 21 
1-volt and 1 ’O-ohin (;ells that will send a current of not 
less than 1 ampere thi^uigh ^iii external resistance of 
1 • 7 ohm '( Answer, ~10(:l)-l(l)-. 

ExEWRfE 19. — )\diat is the shortest grOu]) of 
ft 2-Volt and 1 • 1-ohm cells that will^send a eiirreiit of 
not less than 2 amperes through an external resistance 
of 1 ohm ? Answer, -2(3^-. 

* Exercise 20. — WTiat is the shortest group of 50 

1-volt and 2-ohm cells that will seiuka current of mst 

0^ 
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less than 0*5 auipcin lihuu^h jm uAtumu,! icsistance 
of 23*1? ohms Answer, “10(3)-10(2)- ’ 

Exercise 21. — AVliat is tlu^ sliortest ^M-oup of 20 
1* 5-volt and 2-ohm »ells that will send a cairrent of 
n 4 )t less than 1 ampere through an external i-esistance 
of 4*5 ohms 1 Answei^-5(4)-. 

Exercise 22. — \Vh;i^. is the sliortest , _ O 
1* 4-volt and i-olini eells that will send a ciirrent of 
not less than 1 anpiere through an external resistance 
of 3 • 75 Tihrns ? Answei, -2{3)-2(2)-! 
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The Smai.i.est OKori’. 


Anothek iiiipoHaiit pnTIem in (‘coiioinical ^n'ou])iiii,^ 
IS to^ find llu'. snpallcst p'oyp (tliat is to say, tlic 
^Touj) with .tlu* smallest imniher of cells) that will 
send a i;i\en current tlnoni;!! a yd\en external 
resistance. As th(‘ hi'st sU'p towards sidvinj, tins, let 
us see how tii‘f4‘th(5 smallest ^rouji on the assimi})- 
tion that we can ha\\3 a fi'action of a cell in a ranh, 
and a fraction of a rank in a <;roup : this we will call 
the tlii'oit'fiailJi/ mnlh'ii (jiouji. 

Taking A to rejiresent the re(|uired Current 
(amperes), (7 tlie nuniher of cells in tin; theoretically 
smalldit group, K/ the nund)er of its ranks, Vf the 
numher t)f its files (that is to say, the numhrr within 
the brackets in the mathematical symbol of the 
group), and other sfmbols as in tlie table at the end 
of Chapter 1., we have*' 


(for the theoretically smallest group must bo the ideal 
arnwigement of its cells, otherwise the same current 
cc)uld 1 »e obtained from the ideal arrangement of a 
smaller number of cells). From this eipiation we g^k— 
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Hill wc know, fi'oiii foniiula J\i. (( 'li.ipti'r 111 ), that- 

• (V.lw 

\\t‘ = ; 

. 1 ^' 

and d)\idini; each sid('. this (‘(|uation hy K/, we y;et- 

• , • • 


( 'i 

And ,r. IS, uf course, the nuinher.ol fil*s in 

l\/ ’ r* 


^M'oup ; so that- 


K/.lie 2A.lw 


It should 1)(! nolKa 


is a factor in hotli Kf 


and F/ ; so that if we first find the valu(',*of this 
expression, we iietsl only inultijily it h) lt.r to ^(it K/, 
and hy Kr to <;et F/. 

As an easy example *of th(| ap[)!ication of these 
foriiiuke, suppose vve waift to find the smallest 

numl)ei*of 2-\ olt and I'h-uhm eelk that wfll'send a 

* * 

current of not Jess than 1 am})eres throii^^h an 
external resistance of d ohms. 

K( = - ^ ^ •* = VI = - ^ ■‘.y ‘ 

IVie theoretically ^smallest group is therefore a possible 
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one, namely -12(6)-, and tlic*^smalle.sl number of cells 
is* 72. 

In practice, howeve^; we should not often find K/ 
and Vi both \vhole numbei'.'-, !#id should, tlierefore, 
usually r(M|uii-e more than Cf cells. Suppose, f^w 
example, th:it the theoretically smallest grou[) has 
* 1 f) ^ 

been faiind to be (1^)- we increase this frac- 
tional ]\f by adding’ half a rank, s<» as to get the 
georaet^ric.illy nearest whole number, weincimse both 
the electfomoti'v(wXoice and tlie lusistance of the group 

by and the lofdl re.^stance by This addition 


will therefore give :i greater cnrnmt than we want. 
To make the groip* give exactly the rcajuired ciiirrent 

the total resistance must be further increased by 

30 

of its original amount, so that the original electro- 
motive force and the original total resistance shall each 


be increased by . fl-But of the original total re- 
1 f) 30 

1 ^ » 
sistano3 /is of ^the resistance of the original group, 

, . 15 

or of the resistance of the altered group; and 
adding to the resistance^)! a group, means making 


17 

its resistance of its present ann^unt, which we^ii 
16 o 
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do })y employing of its present iiund>cr of files, 

since the resistance of a regular *;ron}) of a, given 
numlicr of ranks varies invers(?ly as tlie nuinher of its 
files. 

* To check the a(*eui-acy of this reasoning, let ns cal- 
culate the current ohJiined with the theoretically 

1 r ^ ^ ® 

smallest group -^''(17)-, and that ohtiuned with the 
other group — H(lf>)~* ith tlu^ th(*-()j(;tically smallest 

15 h> 

and with the other group— 

8Er 



Increasing the uiimerafKir and denominator of the 
former fraction hy omvfifteeyth^ of their present value 
we see that the fraction is e<|ual to 

, 8 Er 

(16-^17)Kc 

which (since ^ -^-*17) is evidently equal, to ^he 

Jiaction belonging to the other group 
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Ijct US now a,])]>]y IIk; sainn'iinc of jirguiiiciit to the 
geneiul ease w heir K/ is inereased or reduced* liy X, 
X lieing the amount that must lie added or subtracted 
in ord(‘r to change the fi-ac.tion:i]^,K/ into its geometri- 
eiill)’ nearest wdiole numlier. The electromotive force 
and th('. resistance of tlie tlieoretically smallest group 


f 

are thus each increivied or re^uci^d 



of 


thcii' 


value; a,nd in ordi'r tliat the altered giou}), though 
1 ‘etaining its ])re&ejit number of ranks, shall gj\e the 
same cufVimt as^J^lie original group, the resistance 

must be increased or riAliici'd by a furthei’ of the 

Kf 


resistance of the original giouj*, or by of tlie 

K/ + X ^ 

resistance of the altered group. This means changing 

the resistance of tlm altered group to ~ of its 

K/ + A 


]>resent value, which we can do by employing — 

Kf ± X 
kf ± 2 X 

of its }ip<‘Sr'?ait number of files (Yf). The grobp thus 
obtained is evidently the theoretically smallest group 
that has a whole number of ranks (I am assuming 
that the readei- has not ' forgotten what has been 
proved in previous chapters). Calling this the 
cnlarijnl (/mi,]) (for it contains a large*' number of cebs 
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though ])(3rh;i])t^, a smaller uuniher ol ranks), and 
taking Ih/ to reproscmt th(‘ numhcr of its (m'IIs, ami 
K)i the mmihei of its ranks, we^h.ive — 

('/, = Kh ( FI X • , ,, ') = *'/■ . . VII 

\ Kh±.\' Kk ± X 

(The + must of eoui-s(‘ he read wdieii the ranks have 
hei'ii increased, and the - when they have ]>een 
reduced.) 

We can now' deal with any <*ns(‘ that may o<M;ur in 
practiccc* Suppose*, for example, that we \^;;int to 
find the smallest nurnher of l-voU^and 2-ohm cells 
V 'I 

that will send a current, of not, h'ss than ampere 
through an ext(‘rnal resistan(*e of 4 ohms 


2 X X 4 


and the geometrically nearest wdiole number to 


20 


01 I . ^ 

is , so th:it X = K// = 7, a‘>d 

10 X 49 .,2 

( oo 

22 ■-'-^11 
’ 3 X , 


The group we re([uire must -^erefore contain at jeast 
twenty-three cells. I^et us see whether twenty-three 
wi^ be enough. $ In cases like this it is seldom 
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ii(!ccss;u'y to ;il>l>ly I’lilc I , ^(»r the «'iuii>l)or()f ranks 
ifi the enliir^fcd yrou}) is almost always the gfometri- 
cally iK'-arest whole nymher to the K/ of the nearest 
whole numher of eel Is to C/( ^dn the present case, 
then, wc assume that the ^momctrieally nearest whole 
nnmhcr to K/ is 7, which ^ives -2{4)-r)(-l)~ as the 
jirelimiiiiiry (and short primary) groii]). The current 
with this ixi-onj) is — 

7Er _ L>1 ^ 5] 


Fj 

which is obviously a ftihe more than the ampere 

re(]uired. The smallest number of cells that will give 
the reipiired current is therefore twenty-three.^ 

The method just illustrated may be summed up in 
the following rule : — 

ItULE T). — To find the smallest numlier of cells that 
will send a given current through a given 
external i-esistaij^-.e, proTceed as follows 

(1) Find the theoretically smallest group, ^by 
mfea IS of formuhe V. and \l. 

(2) if the theoretically smallest group has not 
a whole number of ranks, find the nund)er of 
cells in the enlargecf grgu]), by means of formula 

Vll. 

(3) If the theoretically smaKest group that Fjis 
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a whole miiiihei’ oT r’:iiiks is not a possihle i^foup, 
sw? whether the recpurcd eiiri'ent ean l>e ohtaiirtal 
with th(' ]»os8il)h‘ i^roiiji hjiMii<; the s.ime iiiimh(!r 
of ranks and ni'iirest whole niiinlt{‘r of eelis 
aliove tile, nundier in this tlieori'tieal _i;roup. It 
so, this IS the sni;dh‘st nmnher of eeils that will 
give the rcijiiired eairnait,. 

(4) In the t‘\( eptional 
obtained by (d) doiis n 

current, see (from eonsideialioTis diMlj^witli in 
Chap 111.) whethei this einrrtit*ean be obtained 
from another Jirrangenieilt ot tlie same cells ; and 
if not, try one cell more, and so on until the 
necessary number is found 

ExEKCrsE*2d — Wdiat is the smallest number of 
]-volt and b-ohm cells that will send a curreij, of not 
less thi I'd ampere through an external resistance 
of 3-ohms ? Answer, (SS. 

Exek(JISE d4.— What' is thg smallest number of 

1- volt and 0'5-ohm cells tiiat will send a current 

of not* less than 3 amperes through ai# External 
resistance of 5 ol^ms ? Answer, 00, * * 

Exercise 25. — What is the smallest number of 

2- volt and 0 ' 6-ohm ce^s tflat will send a curi;ent of 
not less than 3 amperes through an external resistance 
^ 2 ohms ? Antwer, 12. 
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ExeiiCise 20. - Wh;it is tfu; siii;J.lest numl)C3r of 
2^vM)]t ;ui(] 0-7-<»brn cells tliiit will send :i cuffcnt of 
not less than 1 a]nj)cr(; through an external resistance 
of 1 olini ? Answer-, 1. ’ 

KxEitciSE 27. — Wliat is the sin illest nuinher Qf 
l-\oltan(l O’h-ohni cells tliat will send a current of 
not less than 1 anijieres throui^h an cxtern:d resistance 
of 1 • 2 ohni r Answei-, dh. 

Exeiu'ise 2S. Wliat is the smallest number of 
l-2-Yo!t:>nd 0’7)-ohin cells (iiat will send a* current 
of not less thai9/ 2 anijun-es thi‘ough an external 
rcsistaJice of 3 ohms ? cAnswer, 20. 
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